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Abstract
Objectives
To evaluate the effect of a 20-week school-based physical activity intervention program on
academic performance and selective attention among disadvantaged South African primary
school children.
Design
Cluster randomized control trial.
Methods
The study cohort included 663 children from eight primary schools, aged 8–13 years.
Data assessment took place between February 2015 and May 2016 following the implemen-
tation of a 20-week school-based physical activity program. The d2 test was employed to
assess selective attention, while the averaged end-of-year school results (math, life skills,
home language, and additional language) were used as an indicator of academic perfor-
mance. Physical fitness was assessed using the 20-m shuttle run test (VO2 max) and
grip strength tests. We controlled for cluster effects, baseline scores in selective attention or
academic performance, and potential confounders, such as children’s age, gender, socio-
economic status, self-reported physical activity (as determined by a pre-tested question-
naire), body mass index, hemoglobin (as a proxy for anemia, as measured by blood
sampling), and soil-transmitted helminth infections (as assessed by the Kato-Katz
technique).
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Results
Our multivariate analysis suggested that the physical activity intervention had a positive
effect on academic performance (p = 0.032), while no effect was found on selective attention
(concentration performance; p = 0.469; error percentage; p = 0.237). After controlling for
potential confounders, the physical activity condition contributed to the maintenance of aca-
demic performance, whereas a decrease was observed in learners in the control condition.
Furthermore, physically active and fit children tend to have better concentration perfor-
mance (CP) than their less fit peers (self-reported activity; p<0.016, grip strength; p<0.009,
VO2 max p>0.021).
Conclusion
A 20-week physical activity intervention contributes to the maintenance of academic perfor-
mance among socioeconomically deprived school children in South Africa. School adminis-
trators should ensure that their school staff implements physical activity lessons, which are
a compulsory component of the school by the curriculum.
Introduction
Physical activity is widely accepted to be an important feature in the promotion of health and
well-being [1]. In view of the mounting evidence of health-related benefits of regular physical
activity among children [2–4], concerns have been raised about decreasing physical activity
and fitness levels in children and adolescents [5, 6]. New research reveals that regular physical
activity not only contributes to improved physical health [7], but also has a beneficial effect on
children’s cognitive functioning, such as executive function [8], attention [9], and academic
performance [10], all of which are important conditions for gains in academic performance.
Yet, physical education has been neglected in many low- and middle-income countries
(LMICs), while more time is being allocated to academic subjects [11]. In South Africa, some
teachers and parents believe that participation in physical activity might interfere with learn-
ers’ academic success [12]. Educators often teach several subjects and do not feel confident
enough to systematically instruct in sports and exercise as part of a school program. Indeed,
they do not feel able to offer attractive and didactically well-conducted physical education clas-
ses. Furthermore, some of them lack the motivation to be physically active. Hence, physical
education is not being taught in most public schools. As a result, a considerable number of
children do not engage in the recommended daily 60 min of moderate-to-vigorous intensity
physical activity [13]. According to Walter [14], this might be one of the key contributors to
the increasing level of physical inactivity among South African school children.
While low physical activity levels constitute an important issue from a public health per-
spective [15], children growing up and living in low socioeconomic environments are faced
with a multitude of challenges that may jeopardize their health and well-being [16]. These chal-
lenges include insufficient hygiene, lack of clean water, and inadequate sanitation, factors that
all favor helminth and intestinal protozoa infection [17]. This, in turn, can cause abdominal
pain, diarrhea, growth retardation, anemia, cognitive impairment, poor academic perfor-
mance and reduced physical fitness [18, 19]. Of note, the effects of mass deworming on chil-
dren’s cognition and school performance remain ambiguous [20]. Another potentially
harmful effect of living in deprived environments is the commonly limited access to health
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care in the absence of universal health coverage. Consequently, increased risk of illness causes
more frequent school absenteeism, and hence, reduced academic exposure [21]. Poor nutrition
and repeated infection causes stunting, which in turn has been found to be associated with
motor development problems and poor cognitive development resulting in low intelligence
quotient [22]. Taken together, these factors can obstruct children’s ability to process informa-
tion, concentrate, and focus on academic work [21].
While researchers have pointed toward the potential of physical activity and physical educa-
tion to increase cognitive performance and academic performance [23–25], there is a paucity
of studies on the effects of school-based physical activity intervention programs on children’s
schooling outcomes in disadvantaged areas from LMICs. To fill this gap, the aim of the present
study was to examine the impact of a 20-week school-based physical activity intervention on
selective attention and academic performance on children attending schools in disadvantaged
areas in Port Elizabeth, South Africa.
Materials and methods
Ethics statement
The study was approved by the ethics committee of Northwestern and Central Switzerland
(EKNZ; reference no. 2014–179, approval date: 17 June 2014), the NMU Ethics Committee
(study number H14-HEA-HMS002, approval date: 4 July 2014), the Eastern Cape Department
of Health (approval date: 7 November 2014), and the Eastern Cape Department of Education
(approval date: 3 August 2014). The study is registered at ISRCTN registry under controlled-
trials.com (unique identifier: ISRCTN68411960, registration date: 1 October 2014). Written
informed consent was obtained from the parents/legal guardians of children, while children
assented orally. Details regarding the information provided to eligible participants and their
parents/legal guardians, as well as the inclusion and exclusion criteria can be found in the
study protocol [26]. All procedures were in line with ethics principles described in the 1964
Declaration and its later amendments. Participation was voluntary, and children could with-
draw at any time without further obligation.
Study area, school selection, and randomization
The DASH (Disease, Activity, and Schoolchildren’s Health) study was carried out in quintile
three schools, located in disadvantaged communities of Port Elizabeth, South Africa. All quin-
tile three primary schools in the Port Elizabeth district (n = 103) were invited to participate in
the study. South African public schools are classified into five groups, with quintile five stand-
ing for the least poor and quintile one standing for the poorest. The quintiles are determined
through the national poverty table, prepared by the Treasury. Areas are being ranked on the
basis of income levels, dependency ratios, and literacy rates in the area. The quintile ranking of
a school determines the no-fee status of the school and also the amount of money that a school
receives, with the poorest schools receiving the greatest per-learner allocation [27].
From the 103 quintile three schools, 25 schools expressed an interest in the form of a
written response. Those 25 schools were invited to an information sharing meeting, and 15
schools were represented, whereas 10 schools declined to attend the meeting. The final eight
schools were selected based on (i) large grade four classes (n >100); (ii) geographical location;
(iii) representation of the various target communities (black and colored inhabitants); and
(iv) commitment to support the project activities. The seven schools that were excluded had all
numbers <100 in grade four. Due to financial constraints, logistics, and limited manpower, we
were able to implement the physical activity intervention program only in three schools. From
the final eight schools, the DASH core team therefore randomly selected three intervention
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and five control schools, on the basis of a computer-generated random number list. A com-
puter generated random number list was also used to allocate the intervention and control
schools to one of five intervention/control conditions (see Table 1).
Participants
As shown in Fig 1, 1009 grade four primary school children were assessed at baseline in Febru-
ary 2015. Data sets with complete records in the main outcome variables concentration perfor-
mance (CP), error percentage (E%), and end of the year results (EoYR) were available for 663
learners at post-intervention in May 2016, after including only children aged 8–13 years. The
mid-follow-up is not included in the present paper.
Procedures
An overview of the study design is provided in Fig 2. Recruitment started in September 2014,
and the practical intervention study took place between February 2015 and May 2016. The
study length was restricted to 15 months due to financial reasons.
At the beginning of the study, project information sessions with principals, teachers,
parents, and school governing bodies were held. Workshops with life orientation teachers and
class teachers were organized to discuss the materials and information provided during the
intervention.
Multi-dimensional physical activity intervention
The multi-dimensional physical activity intervention started after the baseline assessment and
was carried out during official school lessons. The lessons were taught in collaboration with
the life orientation teachers, and moving-to-music lessons were led by students from the Nel-
son Mandela University (NMU). The control group followed their normal schedule, with
physical education following the routine curriculum. The physical activity intervention mod-
ule included four parts: (i) regular physical activity classes including two physical education
lessons per week; (ii) one weekly moving-to-music class; (iii) regular in-class activity breaks
incorporated into the main school curriculum; and (iv) school infrastructure adaptation to cre-
ate a low cost “physical activity friendly” environment (Fig 2). The physical activity interven-
tion was implemented at three schools, whereas five schools did not receive the physical
activity intervention. Furthermore, in two schools, a nutrition intervention consisting of class-
room-based lessons to help increase the awareness of the importance of healthy nutrition were
held. At three schools, health education lessons were held to increase children’s awareness for
intestinal parasite infections (Table 1).
Table 1. Intervention measures at the eight primary schools in Port Elizabeth, South Africa carried out between
February 2015 and May 2016.
Intervention IG CG
Physical activity School 1
Physical activity + health education School 2
Physical activity + health education + nutrition School 3
[No physical activity] + health education + nutrition School 4
[No physical activity] Schools 5, 6, 7, and 8
IG, intervention group; CG, control group.
https://doi.org/10.1371/journal.pone.0206908.t001
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Selective attention
Main outcome variables were selective attention and academic performance. Children’s selec-
tive attention capacity was measured with the d2 test, developed by Brickenkamp et al. [28].
The d2 test determines the capacity to pay attention to one stimulus/fact, while suppressing
distractor letters. The d2 attention test is a paper and pencil letter-cancellation test and was
performed in groups of 20–25 children, during the first school lesson of the day in a quiet
room. Detailed test procedures can be found in the test manual [28] and in a previous publica-
tion on selective attention [29]. Selective attention capacity was operationalized via two indica-
tors: (i) E% and (ii) CP. E% is calculated as percentage of errors relative to the total number of
items processed and reflects a measure of accuracy (precision and thoroughness). CP repre-
sents a measure of overall concentration ability and performances and is calculated by sub-
tracting the number of incorrectly marked characters from the number of correctly marked
Fig 1. Participant flow chart. Notes: EoYR: end of the year results, average of the four subjects home language, additional language, mathematics, and life skills.
https://doi.org/10.1371/journal.pone.0206908.g001
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characters. Both E% and CP were chosen as outcome measures because they are tamper-
resistant.
Academic performance
Children’s academic performance was operationalized using routine EoYR. Note that EoYR
are based on the average from four school subjects: (i) home language (Xhosa or Afrikaans);
(ii) first additional language (English); (iii) mathematics; and (iv) life skills. Learners’ achieve-
ment in each subject is graded on a 7-point scale ranging from 1 (0–29%, “not achieved”) to 7
(80–100%; “outstanding achievement”), with a rating of 4 (50–59%) reflecting “adequate
achievement”. In order to control for potential confounders, a range of additional variables
was assessed and considered in the present article.
Physical fitness tests
To control for children’s cardiorespiratory fitness, the 20-m shuttle run test was applied using
the test protocol by Le´ger et al. [30]. The fully completed laps were noted when a child was
unable to follow the required pace in two consecutive intervals. The level at which the child
failed to reach the cut-off line during the 20-m shuttle run test was used to calculate an esti-
mate of maximal oxygen uptake (VO2 max), which was then adjusted for age and gender [30].
Upper body strength was determined by the grip strength test [31]. The Saehan hydraulic
hand dynamometer (MSD Europe BVBA; Tisselt, Belgium) was used for this purpose. The tri-
als were recorded to the nearest 1 kg and averaged. The detailed test description of the 20-m
shuttle run and the grip strength test can be found in the study protocol [26].
Fig 2. Overview of study design and the 20-week physical activity intervention, Port Elizabeth, South Africa carried out between February 2015 and May 2016.
https://doi.org/10.1371/journal.pone.0206908.g002
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Self-reported physical activity
To consider children’s habitual physical activity levels, children were asked to self-report their
physical activity levels using a single-item question from the Health-Behavior of School-Aged
Children (HBSC) study [32]: “Over the past 7 days (1 week), on how many days were you
physically active for a total of at least 60 min (1 hour) a day?” The answering options ranged
from zero days to seven days. This question is based on the recommendation for physical activ-
ity among young people stating that children and youth aged 6–17 years should perform at
least 60 min of moderate-to-vigorous intensity physical activity per day [33].
Anthropometric indicators
To control for anthropometric factors, children’s height and weight were assessed. Body
weight was measured once to the nearest 0.1 kg (using a Micro T7E electronic platform scale,
Optima Electronics; George, South Africa). The body height of each child was assessed to the
nearest 0.1 cm with a Seca Stadiometer (Surgical SA; Johannesburg, South Africa). Body
weight and height values were used to calculate body mass index (BMI), defined as weight (in
kg)/height2 (in m2) and to reflect BMI-for-age (BAZ) and height-for-age (HAZ), respectively,
both stratified by gender. The BAZ and HAZ were calculated using the World Health Organi-
zation (WHO) growth reference [34]. The gender-adjusted HAZ scores were used as an indi-
cator for stunting [35].
Hemoglobin
Hemoglobin (Hb) concentration was measured once to the nearest 0.1 g/l with the Hemocue
HB 301 System (HemoCue AB; A¨ngelholm, Sweden) as a proxy for anemia. After swabbing
the child’s fingertip with alcohol, a field worker pricked the fingertip with a safety lancet and
squeezed gently to obtain blood. The first drop was wiped away with the alcohol swab and the
second drop was collected for testing with a micro cuvette.
Soil-transmitted helminth infections
To account for the potential influence of soil-transmitted helminths on selective attention and
academic performance, stool samples were collected and analyzed. In brief, school children
were instructed and informed in the course of a morning during a school day to return the dis-
tributed stool containers with a small portion of their own morning stool the following day.
The diagnostic work-up of stool samples was done on the day of collection. From each stool
sample duplicate 41.7 mg Kato-Katz thick smears were prepared [36]. Experienced laboratory
technicians independently read the slides under a microscope, counted the number of hel-
minth eggs, and recorded them for each species separately. To obtain a proxy for infection
intensity, the soil-transmitted helminth egg counts were multiplied by a factor of 24 to express
the number of eggs per gram (EPG) of stool [37].
Socioeconomic status
Children filled out a questionnaire pertaining to household-level living standards, such as
infrastructure and housing characteristics (e.g., wall and roof type, number of bedrooms) and
the ownership of three durable assets (e.g., refrigerator) to determine their socioeconomic sta-
tus (SES) with nine questions. The binary items (1 = high quality, available; 0 = poor quality,
not available) were summarized to build an overall index, with lower scores reflecting lower
SES. Similar measures have been validated and established in previous research [38].
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Test sequence
Children were assessed class wise and the test procedure lasted for two full school days at each
of the eight schools (baseline and post-intervention). In a first step, children completed the
medical testing including the anthropometric indicators, followed by the grip strength test. On
the second day, children completed the d2 test of attention and filled in a questionnaire for
determining their SES. Then, children’s cardiorespiratory fitness was assessed with the 20-m
shuttle run test (Fig 2).
Statistical analysis
Data were double-entered and validated using EpiData version 3.1 (EpiData Association;
Odense, Denmark), and merged into a single data file. Statistical analyses were performed with
STATA version 13.0 (STATA; College Station, United States of America) and with SPSS ver-
sion 23 (IBM Corporation; Armonk, United States of America) for Windows.
Sample size calculation is described in the study protocol [26]. In brief, sample size was
based on the prevalence of soil-transmitted helminth infections at baseline, taking into account
clustering within schools and classes as well as loss to follow-up.
Descriptive statistics are provided as frequencies (n) and percentages (%) for categorical
variables, and means (M) and 95% confidence interval (CI) for metric variables, separately for
the total sample, and learners of the intervention group (IG) and control group (CG).
To determine whether a 20-week school-based physical activity intervention had an effect
on selective attention (E% and CP) and academic performance (EoYR), three separate mixed
linear regression models were employed with random intercepts for school classes, in order to
adjust for cluster effects. This was facilitated using the multilevel mixed effects linear regression
procedure (covariance structure = independent) in STATA version 13.0 (STATA; College Sta-
tion, United States of America). In all three regression analyses, indicators of selective atten-
tion and academic performance at post-intervention were used as outcome/dependent
variables. Before testing the effect of the intervention condition (IG versus CG), all regression
analyses were controlled for baseline levels of selective attention and academic performance
and potential confounders (gender, stunting, anemia, intestinal protozoa and soil-transmitted
helminth infections, age, BMI, SES, self-reported physical activity, grip strength, and VO2
max).
To interpret the findings, the unstandardized Beta coefficients and the 95% confidence
intervals (CIs) are displayed. Statistical significance level was set at p<0.05 across all analyses.
Some missing data occurred in the covariates in less than 5% of all possible data entries.
Detailed missing data inspection revealed no systematic missing data pattern or significant
correlations. Hence, it was decided not to impute missing data and the mixed linear regression
models were based on data of children with complete data records.
Results
Table 2 summarizes the descriptive statistics of selective attention and academic performance
(at baseline and post-intervention) and of the potential confounders (at baseline), separately
for the total sample, IG, and CG. A first inspection revealed that the descriptive measures indi-
cate few noticeable differences between the IC and CG at baseline. The groups seemed to differ
in levels of self-perceived physical activity (IG: M = 4.03; 95% CI: 3.73 to 4.33] versus CG:
M = 2.97; 95% CI: 2.74 to 3.21), concentration (CP) (IG: M = 51.33; 95% CI: 47.68 to 54.98 ver-
sus CG: M = 58.34; 95% CI: 55.74 to 60.94) and academic performance (EoYR) (IG: M = 3.90;
95% CI: 3.75 to 4.06 versus CG: M = 4.93; 95% CI: 4.80 to 5.06).
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Table 2. Descriptive statistics of all variables at baseline in February 2015 and outcome/dependent variables also at post-intervention in May 2016, Port Elizabeth,
South Africa.
Baseline
Total CG IGa
Potential confounder n (%) n (%) n (%)
Girls 339 (51) 196 (49) 143 (54)
Stuntedb 57 (9) 26 (7) 31 (12)
Anemicc 106 (17) 65 (17) 41 (16)
Infected with Intestinal protozoad 84 (14) 41 (11) 43 (18)
Infected with soil-transmitted helminthse 172 (28) 82 (22) 90 (38)
Potential confounder M (95% CI) M (95% CI) M (95% CI)
Age in years 9.24 (9.19 to 9.30)
n = 663
9.22 (9.14 to 9.29)
n = 398
9.28 (9.20 to 9.36)
n = 265
Height in cm 132.37 (131.85 to 132.91)
n = 660
132.72 (132.06 to 133.38)
n = 398
131.85 (130.96 to 132.74)
n = 262
Weight in kg 30.21 (29.61 to 30.81)
n = 660
30.34 (29.57 to 31.10)
n = 398
30.01 (29.04 to 30.99)
n = 262
BMI in kg m-2 17.06 (16.82 to 17.31)
n = 660
17.06 (16.75 to 17.38)
n = 398
17.07 (16.69 to 17.45)
n = 262
SESf 7.55 (7.40 to 7.71)
n = 660
7.53 (7.33 to 7.74)
n = 397
7.58 (7.34 to 7.82)
n = 263
Score of self-perceived physical activityg 3.41 (3.22 to 3.59)
n = 658
2.98 (2.75 to 3.21)
n = 393
4.03 (3.73 to 4.33)
n = 265
Grip strength in kg 11.81 (11.56 to 12.05)
n = 618
11.87 (11.55 to 12.20)
n = 371
11.70 (11.33 to 12.07)
n = 247
VO2 max in ml kg
-1 min-1 49.19 (48.85 to 49.52)
n = 597
49.52 (49.09 to 49.95)
n = 356
48.69 (48.17 to 49.21)
n = 241
Baseline
Total
(N = 663)
CG
(n = 398)
IGa
(n = 265)
Selective attention and academic performance M (95% CI) M (95% CI) M (95% CI)
CP in pointsh 55.54 (53.39 to 57.68) 58.34 (55.74 to 60.94) 51.33 (47.68 to 54.98)
E%i 15.74 (14.82 to 16.66) 14.74 (13.62 to 15.87) 17.24 (15.68 to 18.81)
EoYRj 4.52 (4.42 to 4.63) 4.93 (4.80 to 5.06) 3.90 (3.75 to 4.06)
Post-intervention
Total
(N = 663)
CG
(n = 398)
IG
(n = 265)
Selective attention and academic performance M (95% CI) M (95% CI) M (95% CI)
CP in pointsh 98.03 (95.30 to 100.76) 100.27 (96.85 to 103.70) 94.66 (90.18 to 99.15)
E%i 8.08 (7.31 to 8.84) 7.29 (6.36 to 8.22) 9.26 (7.95 to 10.57)
EoYRj 4.10 (4.02 to 4.18) 4.26 (4.16 to 4.36) 3.87 (3.75 to 4.00)
a School children from the intervention group took part in a 20-week physical activity intervention program, as described in Fig 2
b Stunting is defined as HAZ score�-2, (1 = stunted, 0 = normal)
c Anemic is defined as hemoglobin concentration in blood�114 g/l, (1 = anemic, 0 = normal)
d Infected with one or two intestinal parasite species (Cryptosporidium spp. and/or Giardia intestinalis) (1 = infected, 0 = not infected)
e Infected with one or two soil-transmitted helminth species (Ascaris lumbricoides and/or Trichuris trichiura) (1 = infected, 0 = not infected)
f Socioeconomic status (SES) measured by ownership and housing related questions on a scale from 0–9 points (0 = lowest score, 9 = highest score)
g Score of self-reported physical activity for the past 7 days on a scale from 0–7 (0 = lowest score, 7 = highest score)
h Concentration performance: total number of correctly cancelled minus total number incorrectly cancelled characters (d2 test of attention)
i Percentage of errors: total number of errors divided by the total number of characters processed (d2 test of attention)
j Average of the four subjects home language, additional language, mathematics, and life skills
https://doi.org/10.1371/journal.pone.0206908.t002
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Effect of the physical activity intervention on concentration performance
The results of the mixed linear regression models are provided in Table 3, after adjustment for
clustering effects of school classes. In Model 1, concentration performance (CP) at post-inter-
vention was used as outcome/dependent variable. After adjusting for confounding variables,
this model shows that the physical activity intervention had no statistically significant effect on
children’s CP (B = 2.93, 95% CI:-5.01 to 10.86, p = 0.469). Model 1 shows that baseline CP was
statistically significant and positively associated with children’s post-intervention CP scores
(p<0.001). Children scored 0.8 points higher at post-intervention per additional CP point at
Table 3. Effect of intervention condition on the three outcome variables at post-intervention (May 2016), after adjustment for clustering effects of school classes,
controlling for baseline levels (February 2015) of selective attention and academic performance, and potential confounders, Port Elizabeth, South Africa.
Selective attention and academic performance (at post-intervention) as outcome/dependent
variables
Model 1
Concentration performance
(CP)�
Model 2
Error percentage (E%)�
Model 3
End of the year results (EoYR)�
Ba Estimateb
(95% CI)
p-valuec Ba Estimatea
(95% CI)
p-valuec Ba Estimateb
(95% CI)
p-valuec
Baseline levels of selective attention and academic performance
Baseline CP (Model 1), E% (Model 2) and EoYR (Model 3) 0.80 0.71 to 0.88 <0.001 0.47 0.41 to 0.53 <0.001 0.47 0.41 to 0.54 <0.001
Confounders (as assessed at baseline)
Genderd 7.05 1.98 to 12.11 0.006 -1.86 -3.46 to -0.26 0.023 0.35 0.19 to 0.52 <0.001
Stuntede 5.81 -2.23 to 13.85 0.157 0.73 -1.82 to 3.28 0.574 -0.17 -0.42 to 0.08 0.185
Anemicf -1.38 -7.20 to 4.43 0.641 0.57 -1.28 to 2.42 0.544 -0.04 -0.22 to 0.14 0.681
Infected with intestinal protozoag -1.07 -7.03 to 4.89 0.726 -0.81 -2.70 to 1.08 0.402 -0.04 -0.23 to 0.14 0.641
Infected with soil-transmitted helminthsh -5.86 -12.84 to 1.11 0.099 0.05 -1.87 to 1.96 0.960 -0.07 -0.31 to 0.16 0.553
Age in years -4.65 -8.04 to -1.25 0.007 1.48 0.41 to 2.54 0.007 -0.18 -0.29 to -0.07 <0.001
BMI in kg m-2 0.12 -0.69 to 0.94 0.764 -0.13 -0.39 to 0.12 0.313 -0.001 -0.03 to 0.03 0.893
SESi 0.57 -0.57 to 1.71 0.325 -0.37 -0.73 to -0.02 0.039 -0.004 -0.04 to 0.03 0.815
Score of self-reported physical activityj 1.27 0.25 to 2.32 0.016 -0.34 -0.66 to 0.03 0.031 -0.01 -0.04 to 0.03 0.677
Grip strength in kg 1.16 0.29 to 2.04 0.009 -0.1 -0.37 to 0.18 0.495 0.004 -0.02 to 0.03 0.787
VO2 max
in ml kg-1 min-1
0.77 0.12 to 1.42 0.021 -0.16 -0.37 to 0.04 0.114 0.004 -0.02 to 0.02 0.693
Intervention condition
Intervention conditionk 2.93 -5.01 to 10.86 0.469 -1.05 -0.69 to 2.78 0.237 0.34 0.03 to 0.65 0.032
� In the mixed linear regression models, cases were excluded listwise from the analyses if they had missing data in one or several of the covariates. Thus, all mixed linear
regression analyses were based on data of children with complete data records across all variables: n = 521
a B represents the estimate of the beta coefficient
b Adjusted estimates of mean change in the respective outcome from baseline to post-intervention: Unstandardized Beta coefficients, 95% confidence interval, and p-
value
c All p-values are calculated using mixed linear regression, adjusting for clustering of school classes.
d Gender, (0 = boys, 1 = girls)
e Stunting is defined as HAZ score�-2 (1 = stunted, 0 = normal)
f Anemic is defined as hemoglobin concentration in blood�114 g/l, (1 = anemic, 0 = normal)
g Infected with one or two intestinal parasite species (Cryptosporidium spp. and/or Giardia intestinalis), (1 = infected, 0 = not infected)
h Infected with one or two soil-transmitted helminth species (Ascaris lumbricoides and/or Trichuris trichiura), (1 = infected, 0 = not infected)
i Socioeconomic status (SES) measured by ownership and housing related questions on a scale from 0 to 9 points (0 = lowest score, 9 = highest score)
j Score of self-reported physical activity for the past 7 days on a scale from 0 to 7 (0 = lowest score, 7 = highest score)
k School children from the intervention group took part in a 20-week physical activity intervention program, as described in Table 3 and Fig 2 (1 = intervention group,
0 = control group)
https://doi.org/10.1371/journal.pone.0206908.t003
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baseline. Moreover, Model 1 reveals a significant influence of some cofounding variables. At
post-intervention, girls had a 7.05 point higher CP score than boys, and younger children
scored 4.65 points higher per additional year of age. Furthermore, the CP increased by 1.27
per score of self-reported physical activity. Better grip strength and higher VO2 max were inde-
pendently and positively associated with higher CP at post-intervention. The mean CP score
increased by 1.16 points per kg grip strength and by 0.77 points per ml�kg-1�min-1 VO2 max.
Effect of the physical activity intervention on error percentage
Model 2 of the mixed linear regression analyses (see Table 3) suggests that after having
adjusted for clustering effects of school classes, baseline levels of E% and potential confound-
ers, the physical activity intervention had no significant effect on E% at post-intervention
(B = -1.05, 95% CI:-0.69 to 2.78, p = 0.237). The mixed linear regression model further shows
that baseline E% was significantly and positively associated with E% at post-intervention
(p<0.001). Children’s E% was 0.47% lower at post-intervention per additional percent at base-
line. For every year younger a child was, children made 1.48% fewer errors. Whereas girls
made 1.86% fewer errors than boys, children with higher SES and self-reported physical activ-
ity scores made fewer errors. The mean E% decreased by 0.37 percent per additional SES point
and decreased by 0.34 percent per additional day of self-reported physical activity.
Effect of the physical activity intervention on EoYR academic results
Most importantly, Model 3 of the mixed linear regression analyses (see Table 3) shows that
after accounting for clustering effects of school classes and controlling for baseline levels of
academic performance as well as confounding factors, the physical activity intervention signifi-
cantly predicted the EoYR at post-intervention (B = 0.34, 95% CI: 0.03 to 0.65, p = 0.032).
However, as can be seen on a descriptive level (Table 2), this intervention effect was primarily
based on EoYR remaining stable in the IG, whereas scores decreased in the CG. Additionally,
the mixed linear regression shows that baseline EoYR were statistically significantly and posi-
tively associated with the post-intervention EoYR (p<0.001). Children’s school grades were
0.47 grades higher at post-intervention per additional grade at baseline. Girls had 0.35 grades
higher EoYR than boys. Finally, for every year younger a child was, children had 0.18 grades
higher EoYR at post-intervention.
Discussion
The most important finding of the present study is that a 20-week physical activity interven-
tion had a positive effect on children’s EoYR. Indeed, the academic performance remained sta-
ble in children in the IG, whereas a decrease by half a grade was observed in the CG. Yet, no
effects of the physical activity intervention were found on selective attention.
Our results are in line with previous studies showing maintenance and/or a smaller decline
of academic performance in children participating in a physical activity intervention, com-
pared to those experiencing no change in physical activity levels [39, 40]. Our findings thus
indicate that physical activity promotion may be a strategy to maintain academic performance
with increasing demands. Other studies found enhancing effects within this domain [41]. For
example, Hollar et al. [42] reported improved reading and mathematics skills after a 1-year
physical activity intervention, in combination with a nutrition intervention in elementary
school children from low-income families. Similarly, Chaya et al. [43] found that a 3-month
physical activity intervention, including yoga and physical education lessons, had a positive
impact on cognitive performance (arithmetic, coding, and vocabulary) in socioeconomically
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disadvantaged Indian school children. Szabo-Reed et al. [44] reported that moderate to vigor-
ous physical activity lessons were significantly associated with more on-task time behavior.
In the present study, a possible explanation for the decreased academic performance in the
CG could be the transition of language of instruction, also referred to as the “fourth-grade
slump” [45]. The baseline results refer to the final grades of grade three learners and the post-
intervention results refer to the final grades from grade four. In South Africa, most schools
offer mother-tongue instruction for the first three grades of school, while the transition to
English as the language of instruction occurs in grade four [46]. Children undergo a shift from
“learning to read” to “reading to learn”, in conjunction with a change in the language of
instruction. Cummins [47] argues that only after the mastery of the first language a child will
have the necessary skills to transition to a second language. Thus, our findings are in line with
previous studies [45, 48], which show that academic performance is decreasing in South Afri-
can school children progressing from grade three to grade four. Hence, one interpretation of
the present study’s results could be that increasing in-school physical activity levels in third
grade schooling holds promise to counteract a negative tendency of academic performance as
transitioning to English language instruction.
Our findings further suggest that self-perceived physical activity, cardiorespiratory fitness,
and grip strength were independently associated with selective attention. The first finding
accorded well with previous studies showing that higher physical fitness levels are associated
with better cognitive performance. For instance, our results are similar to a study conducted
by London et al. [49], in which overall physical fitness predicted academic performance. In a
recent review, Donnelly et al. [41] stated that increased cardiovascular fitness and physical
activity has been associated with improved cognitive function, brain structure and function,
and academic performance. Although cardiorespiratory fitness and physical activity are not
identical concepts [50], physical activity can be considered as a proxy measure for physical fit-
ness, particularly as fitness is a potential outcome of regular physical activity participation [51].
Hence, our findings corresponds with earlier studies showing that a positive relationship exists
between physical activity and cognitive performance and academic performance [40]. How-
ever, as attention remained unchanged, this cognitive domain cannot explain why a decline in
academic performance was observed in the CG only. Although children with higher physical
fitness levels and higher self-reported physical activity seem to have an advantage in paying
attention compared to their less fit peers, this does not necessarily guarantee the maintenance
of academic performance. Evidence from longitudinal studies suggests that physical activity
has an indirect effect on academic performance through a pathway of executive function (i.e.,
top-down control of behavior, especially in non-routine situations) [41]. The direct effect of
physical activity on this higher-order cognitive function is well documented [52] and has been
attributed to morphological changes (i.e., angiogenesis, neurogenesis, and synaptogenesis) in
brain regions that are important for learning [53]. Another pathway that has been discussed as
a potential mechanism underlying executive function benefits is the exercise-induced psycho-
logical stimulation that contributes to the improvement of self-control ability, which may
impact on academic performance [54]. Although speculative, it seems that changes in higher-
order cognitive functions rather than attention may have contributed to the maintenance of
academic performance in the IG. This suggests that physical activity, and therefore physical fit-
ness, may positively affect important brain areas that stimulate cognition and as a result give fit
children an advantage compared with their less fit peers [39].
In contrast, Spitzer et al. [55] and Adsiz et al. [56] found that a physical activity program
has the potential to enhance selective attention. Hence, study results seem to vary considerably,
most likely due to differences in the mode of assessment of selective attention, the setting in
which the study took place, or the nature and intensity of the physical activity intervention. In
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the present study, the intervention might not have resulted in a positive effect because the
intervention period was relatively short (total of 20 weeks) and because of the context in which
the intervention took place (e.g., large class sizes, heterogeneous student population in terms
of age and academic performance). These factors have complicated the implementation of the
intervention and may have hindered the detection of subtle effects.
To our knowledge no study has examined the effect of a physical activity program on socio-
economically underprivileged children’s selective attention, only acute effects have been
reported [57]. Given these findings, new research is needed to deepen the understanding of
whether and how a physical activity might be associated with SES.
Our findings further show that older children have significantly lower scores for selective
attention and academic performance. This may be explained by the fact that disadvantaged
communities do not have the financial means to promote children with special needs or learn-
ing disabilities [58]. Children suffering from attention deficit hyperactivity disorder (ADHD),
fetal alcohol syndrome, reading difficulties, or neglect, might not get the required academic
support and, subsequently, they might not be able to keep up with their peers. Learners with
inadequate grades are retained up to three years until they become too old and automatically
progress to the next grade [58, 59]. Moreover, girls seemed to achieve better academic results
compared to boys and achieve higher scores for selective attention. This is in line with a meta-
analysis by Voyer and Voyer [60], in which a consistent female advantage with regards to
school grades was found for all subject content areas.
Our study has several limitations. First, academic performance was operationalized by the
average end of the year grade (achieved at the end of grade three and four), which corresponds
to the summary of four subjects (i.e., mathematics, home language, additional language, and
life skills). While the objectivity of school grades can be questioned as a reliable outcome in
empirical research (e.g., due to attributions or stereotypes of the teachers and/or different stan-
dards between classes/schools) [61], this measure has a high ecological validity because suffi-
ciently high grades are needed for academic promotion, and the present study showed that
selective attention and the academic performance scores were moderately correlated (r >0.30).
Second, allocation to the intervention and control condition was done school-wise. We
are aware that random allocation at class level is the ‘gold’ standard, but this was difficult to
achieve in the present study. For instance, one component of the physical activity intervention
was the creation of a “physical activity friendly” school environment. Thus, changes in the
infrastructure were performed, which cannot be isolated for learners from specific classes.
Nevertheless, we considered school class as random factor in our multivariate regression anal-
yses to account for the variation in academic performance and intervention implementation
between schools and classes.
Third, we used an indirect measurement of VO2 max to assess aerobic fitness and children
might not have performed to their best abilities due to lack of motivation. However, this stan-
dardized test was chosen because it is well-suited for a resource-constrained setting due to its
ease of application [30].
Fourth, physical activity was assessed with a single self-reported item about children’s phys-
ical activity levels. While it can be questioned whether children are able to accurately respond
to this item, previous data from the present study have shown that children with higher physi-
cal activity levels indeed report higher health-related quality of life [62], have lower blood pres-
sure scores, and are less likely to be overweight or obese [63].
Fifth, the physical activity intervention module was well perceived by the children and
teachers alike. Yet, the level of the teacher’s compliance and adherence toward a high inter-
vention quality varied considerably. For instance, some of the teachers in the intervention
schools did not have a high motivation to be physically active. Furthermore, the length of the
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intervention was relatively short. Hence, it may be that a longer intervention period is needed
to positively impact selective attention among primary school children.
Sixth, as acknowledged previously, the present study took place in disadvantaged commu-
nities (quintile three schools). Consequently, variation in SES was limited, which might have
resulted in an underestimation of SES as a predictor of selective attention and academic
performance.
Seventh, on a descriptive level, baseline differences were apparent between the IG and CG
in academic performance, although these schools were similar in size and student population.
Such baseline differences pose a challenge with respect to data analyses, as the impact of the
intervention could be interpreted as a regression to the mean. In other words, since learners of
the CG had higher scores at baseline, there was also more scope for a decrease compared to
peers from the IG.
These shortcomings should be addressed in future research by either using study designs
that allow a class-wise group assignment or by controlling more systematically for academic
performance when schools are selected to ensure that no between-school differences exist in
children’s EoYR prior to the beginning of the intervention program.
Conclusion
Participation in a 20-week physical activity intervention implemented in disadvantaged
schools in Port Elizabeth, South Africa, was positively associated with children’s academic per-
formance. Our findings suggest that such a physical activity intervention has the potential to
counteract decrease in academic performance. Hence, reintegration of physical education into
the curriculum might have beneficial effects for children’s academic performance. Yet, this
conclusion needs to be interpreted with caution because the intervention period was relatively
short, compliance was uneven, and there were differences in academic performance between
the IG and CG at baseline. Future research is needed in disadvantaged schools with a physical
activity intervention being carried out over an extended period of time and allocation proce-
dures used that minimize the risk of baseline group differences.
Supporting information
S1 File. Study protocol submitted to the EKNZ (2014).
(PDF)
S1 Table. Consort checklist 2010.
(DOC)
Acknowledgments
This study has been funded by the Swiss National Science Foundation (SNSF; project no.
IZLSZ3 149015) and the National Research Foundation (NRF; project no. 87397) in South
Africa. The funders had no role in the study design, data collection and analysis, preparation
of the manuscript, or decision to publish. We are thankful to the children and parents or
guardians for their willingness to participate in this study. Special thanks are addressed to the
education authorities of the schools, including the indispensable support and collaboration of
the teaching staff, community volunteers, and the respective school health services. Thanks are
also due to Mrs. Leyli Zondie and Mrs. Lindsey Beyleveld and her team of the Department of
Medical Laboratory Sciences at the Nelson Mandela University. Furthermore, we are grateful
to all the participating Master- and Honors-students for their dedicated contribution to the
long and intensive data collection.
Physical activity intervention and academic performance in disadvantaged primary school children
PLOS ONE | https://doi.org/10.1371/journal.pone.0206908 November 8, 2018 14 / 18
All authors have no financial or no other relationships that could appear to have influenced
the submitted work.
Author Contributions
Conceptualization: Ivan Mu¨ller, Peter Steinmann, Ju¨rg Utzinger, Cheryl Walter, Markus
Gerber.
Data curation: Stefanie Gall, Harald Seelig.
Formal analysis: Stefanie Gall, Markus Gerber.
Funding acquisition: Ivan Mu¨ller, Uwe Pu¨hse, Rosa du Randt, Ju¨rg Utzinger.
Methodology: Ivan Mu¨ller, Harald Seelig, Cheryl Walter, Markus Gerber.
Project administration: Ivan Mu¨ller.
Supervision: Ivan Mu¨ller, Uwe Pu¨hse, Harald Seelig, Markus Gerber.
Writing – original draft: Stefanie Gall, Sebastian Ludyga, Markus Gerber.
Writing – review & editing: Larissa Adams, Nandi Joubert, Ivan Mu¨ller, Siphesihle Nqweniso,
Uwe Pu¨hse, Rosa du Randt, Harald Seelig, Danielle Smith, Peter Steinmann, Ju¨rg Utzinger,
Cheryl Walter, Markus Gerber.
References
1. Janssen I, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in
school-aged children and youth. Int J Behav Nutr Phys Act. 2010; 7(1):40. https://doi.org/10.1186/1479-
5868-7-40 PMID: 20459784.
2. Biddle SJ, Asare M. Physical activity and mental health in children and adolescents: a review of reviews.
British journal of sports medicine. 2011; 45(11):886–95. Epub 2011/08/03. https://doi.org/10.1136/
bjsports-2011-090185 PMID: 21807669.
3. Owen CG, Nightingale CM, Rudnicka AR, Sattar N, Cook DG, Ekelund U, et al. Physical activity, obesity
and cardiometabolic risk factors in 9- to 10-year-old UK children of white European, South Asian and
black African-Caribbean origin: the Child Heart And health Study in England (CHASE). Diabetologia.
2010; 53(8):1620–30. https://doi.org/10.1007/s00125-010-1781-1 PMID: 20454952.
4. Brown HE, Pearson N, Braithwaite RE, Brown WJ, Biddle SJ. Physical activity interventions and
depression in children and adolescents: a systematic review and meta-analysis. Sports Med. 2013;
43(3):195–206. Epub 2013/01/19. https://doi.org/10.1007/s40279-012-0015-8 PMID: 23329611.
5. Andersen LB. Physical activity, fitness and health in children. Scand J Med Sci Sports. 2011;
21(2):155–6. Epub 2011/03/12. https://doi.org/10.1111/j.1600-0838.2011.01302.x PMID: 21392119.
6. Dollman J, Norton K, Norton L. Evidence for secular trends in children’s physical activity behaviour. Brit-
ish journal of sports medicine. 2005; 39(12):892–7; discussion 7. Epub 2005/11/25. https://doi.org/10.
1136/bjsm.2004.016675 PMID: 16306494.
7. Dobbins M, Husson H, DeCorby K, LaRocca RL. School-based physical activity programs for promoting
physical activity and fitness in children and adolescents aged 6 to 18. The Cochrane database of sys-
tematic reviews. 2013;(2):CD007651. https://doi.org/10.1002/14651858.CD007651.pub2 PMID:
23450577.
8. Ludyga S, Gerber M, Brand S, Holsboer-Trachsler E, Pu¨hse U. Acute effects of moderate aerobic exer-
cise on specific aspects of executive function in different age and fitness groups: A meta-analysis.
Psychophysiology. 2016; 53(11):1611–26. https://doi.org/10.1111/psyp.12736 PMID: 27556572.
9. Tomporowski PD, McCullick B, Pendleton DM, Pesce C. Exercise and children’s cognition: The role of
exercise characteristics and a place for metacognition. Journal of Sport and Health Science. 2015;
4(1):47–55. https://doi.org/10.1016/j.jshs.2014.09.003
10. Tomporowski PD, Davis CL, Miller PH, Naglieri JA. Exercise and children’s intelligence, cognition, and
academic achievement. Educational psychology review. 2008; 20(2):111–31. https://doi.org/10.1007/
s10648-007-9057-0 PMID: 19777141.
11. Pu¨hse U, Gerber M. International comparison of physical education. Concepts, problems, prospects.
Aachen: Meyer & Meyer; 2005.
Physical activity intervention and academic performance in disadvantaged primary school children
PLOS ONE | https://doi.org/10.1371/journal.pone.0206908 November 8, 2018 15 / 18
12. Van Deventer KJ. Perspectives of teachers on the implementation of Life Orientation in Grades R–11
from selected Western Cape schools. South African Journal of Education. 2009; 29(01).
13. Strong WB, Malina RM, Blimkie CJR, Daniels SR, Dishman RK, Gutin B, et al. Evidence based physical
activity for school-age youth. Journal of Pediatrics. 2005; 146:732–7. https://doi.org/10.1016/j.jpeds.
2005.01.055 PMID: 15973308
14. Walter CM. In-school physical activity patterns of primary school learners from disadvantaged schools
in South Africa. African Journal of Physical and Health Education, Recreation and Dance. 2011;
17:780–9.
15. Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, et al. The pandemic of physi-
cal inactivity: global action for public health. Lancet. 2012; 380(9838):294–305. https://doi.org/10.1016/
S0140-6736(12)60898-8 PMID: 22818941.
16. Lu CL, Black MM, Richter LM. Risk of poor development in young children in low-income and middle-
income countries: an estimation and analysis at the global, regional, and country level. The Lancet
Global Health. 2016; 4(12):E916–E22. https://doi.org/10.1016/S2214-109X(16)30266-2 PMID:
27717632
17. Speich B, Croll D, Furst T, Utzinger J, Keiser J. Effect of sanitation and water treatment on intestinal
protozoa infection: a systematic review and meta-analysis. The Lancet Infectious diseases. 2016;
16(1):87–99. https://doi.org/10.1016/S1473-3099(15)00349-7 PMID: 26404667.
18. Utzinger J, Becker SL, Knopp S, Blum J, Neumayr AL, Keiser J, et al. Neglected tropical diseases: diag-
nosis, clinical management, treatment and control. Swiss medical weekly. 2012; 142:w13727. https://
doi.org/10.4414/smw.2012.13727 PMID: 23180107.
19. Yap P, Wu FW, Du ZW, Hattendorf J, Chen R, Jiang JY, et al. Effect of deworming on physical fitness of
school-aged children in Yunnan, China: a double-blind, randomized, placebo-controlled trial. PLoS Negl
Trop Dis. 2014; 8(7):e2983. https://doi.org/10.1371/journal.pntd.0002983 PMID: 25010608.
20. Taylor-Robinson DC, Maayan N, Soares-Weiser K, Donegan S, Garner P. Deworming drugs for soil-
transmitted intestinal worms in children: effects on nutritional indicators, haemoglobin, and school per-
formance. The Cochrane database of systematic reviews. 2015; 7(7):CD000371. https://doi.org/10.
1002/14651858.CD000371.pub6 PMID: 26202783.
21. Bloom B, Dey AN, Freeman G. Summary health statistics for U.S. children: national health interview
survey, 2005. Vital and health statistics Series 10, Data from the National Health Survey. 2006;(231):1–
84. PMID: 17201200.
22. Anthony EK, King B, Austin MJ. Reducing child poverty by promoting child well-being: identifying best
practices in a time of great need. Child Youth Serv Rev. 2011; 33(10):1999–2009. https://doi.org/10.
1016/j.childyouth.2011.05.029
23. Chomitz VR, Slining MM, McGowan RJ, Mitchell SE, Dawson GF, Hacker KA. Is there a relationship
between physical fitness and academic achievement? Positive results from public school children in the
northeastern United States. The Journal of school health. 2009; 79(1):30–7. Epub 2009/01/20. https://
doi.org/10.1111/j.1746-1561.2008.00371.x PMID: 19149783.
24. Coe DP, Pivarnik JM, Womack CJ, Reeves MJ, Malina RM. Effect of physical education and activity
levels on academic achievement in children. Medicine and Science in Sports and Exercise. 2006;
38(8):1515. https://doi.org/10.1249/01.mss.0000227537.13175.1b PMID: 16888468
25. Sibley BA, Etnier JL. The relationship between physical activity and cognition in children: A meta-analy-
sis. Pediatric Exercise Science. 2003; 15:243–56.
26. Yap P, Mu¨ller I, Walter C, Seelig H, Gerber M, Steinmann P, et al. Disease, activity and schoolchildren’s
health (DASH) in Port Elizabeth, South Africa: a study protocol. BMC public health. 2015; 15:1285.
https://doi.org/10.1186/s12889-015-2636-y PMID: 26700478.
27. Hall K, Giese S. Addressing quality through school fees and school funding. South African Child Gauge.
2009:35–40.
28. Brickenkamp R, Zillmer E. The d2 test of attention. Seattle: Hogrefe & Huber Publishers; 1998.
29. Gall S, Mu¨ller I, Walter C, Seelig H, Steenkamp L, Pu¨hse U, et al. Associations between selective atten-
tion and soil-transmitted helminth infections, socioeconomic status, and physical fitness in disadvan-
taged children in Port Elizabeth, South Africa: an observational study. PLoS Negl Trop Dis. 2017; 11(5):
e0005573. https://doi.org/10.1371/journal.pntd.0005573 PMID: 28481890.
30. Le´ger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test for aerobic fitness.
Journal of sports sciences. 1988; 6(2):93–101. https://doi.org/10.1080/02640418808729800 PMID:
3184250.
31. Co Europe. Testing physical fitness: Eurofit experimental battery. Strasbourg: Council of Europe;
1983.
Physical activity intervention and academic performance in disadvantaged primary school children
PLOS ONE | https://doi.org/10.1371/journal.pone.0206908 November 8, 2018 16 / 18
32. Inchley J, Currie D, others. Growing up unequal: Gender and socioeconomic differences in young peo-
ple’s health and well-being. Health Behaviour in School-aged Children (HBSC) study: International
report from the 2013/2014 survey. Health Policy for Children and Adolescents. 2016; 7:276-.
33. United States Department of Health and Human Services. 2008 physical activity guidelines for ameri-
cans. Washington: U.S. Government Printing Office; 2008.
34. Who. Growth reference 5–19 years. Geneva: World Health Organization, 2007.
35. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a WHO growth
reference for school-aged children and adolescents. Bulletin of the World Health Organization. 2007;
85(9):660–7. https://doi.org/10.2471/BLT.07.043497 PMID: 18026621.
36. Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique in Schisto-
somiasis mansoni. Revista do Instituto de Medicina Tropical de Sao Paulo. 1972; 14(6):397–400.
PMID: 4675644.
37. Knopp S, Mgeni AF, Khamis IS, Steinmann P, Stothard JR, Rollinson D, et al. Diagnosis of soil-transmit-
ted helminths in the era of preventive chemotherapy: effect of multiple stool sampling and use of differ-
ent diagnostic techniques. PLoS Negl Trop Dis. 2008; 2(11):e331. https://doi.org/10.1371/journal.pntd.
0000331 PMID: 18982057.
38. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data—Or tears: An application to
educational enrollments in states of India. Demography. 2001; 38(1):115–32. https://doi.org/10.2307/
3088292 PMID: 11227840
39. Mullender-Wijnsma MJ, Hartman E, de Greeff JW, Bosker RJ, Doolaard S, Visscher C. Improving aca-
demic performance of school-age children by physical activity in the classroom: 1-year program evalua-
tion. The Journal of school health. 2015; 85(6):365–71. https://doi.org/10.1111/josh.12259 PMID:
25877433.
40. Keeley TJH, Fox KR. The impact of physical activity and fitness on academic achievement and cogni-
tive performance in children. Int Rev Sport Exerc Psyc. 2009; 2:198–214.
41. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al. Physical Activity, Fitness,
Cognitive Function, and Academic Achievement in Children: A Systematic Review. Medicine and sci-
ence in sports and exercise. 2016; 48(6):1197–222. https://doi.org/10.1249/MSS.0000000000000901
PMID: 27182986.
42. Hollar D, Messiah SE, Lopez-Mitnik G, Hollar TL, Almon M, Agatston AS. Effect of a two-year obesity
prevention intervention on percentile changes in body mass index and academic performance in low-
income elementary school children. Am J Public Health. 2010; 100(4):646–53. https://doi.org/10.2105/
AJPH.2009.165746 PMID: 20167892.
43. Chaya MS, Nagendra H, Selvam S, Kurpad A, Srinivasan K. Effect of yoga on cognitive abilities in
schoolchildren from a socioeconomically disadvantaged background: a randomized controlled study. J
Altern Complement Med. 2012; 18(12):1161–7. https://doi.org/10.1089/acm.2011.0579 PMID:
22909321.
44. Szabo-Reed AN, Willis EA, Lee J, Hillman CH, Washburn RA, Donnelly JE. Impact of three years of
classroom physical activity bouts on time-on-task behavior. Medicine and science in sports and exer-
cise. 2017; 49(11):2343–50. Epub 2017/06/15. https://doi.org/10.1249/MSS.0000000000001346
PMID: 28614194.
45. Sanacore J, Palumbo A. Understanding the Fourth-Grade Slump: Our Point of View. The Educational
Forum. 2008; 73(1):67–74. https://doi.org/10.1080/00131720802539648
46. Taylor S, Coetzee M. Estimating the impact of language of instruction in South African primary schools:
A fixed effects approach. Stellenbosch Economic Working Papers. 2013;21(13).
47. Cummins J. Bilingual Education and English Immersion: The Ramı´rez Report in Theoretical Perspec-
tive. Bilingual Research Journal. 1992; 16(1–2):91–104.
48. Hirsch J. Reading comprehension requires knowledge—of words and the world: Scientific insights into
the fourth-grade slump and the nation’s stagnant comprehension scores. American Educator. 2003;
27(1):10–8.
49. London RA, Castrechini S. A longitudinal examination of the link between youth physical fitness and
academic achievement. The Journal of school health. 2011; 81(7):400–8. https://doi.org/10.1111/j.
1746-1561.2011.00608.x PMID: 21668880.
50. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: definitions
and distinctions for health-related research. Public Health Rep. 1985; 100(2):126–31. PMID: 3920711.
51. Silva G, Andersen LB, Aires L, Mota J, Oliveira J, Ribeiro JC. Associations between sports participation,
levels of moderate to vigorous physical activity and cardiorespiratory fitness in childrenand adolescents.
Journal of sports sciences. 2013; 31(12):1359–67. Epub 2013/05/02. https://doi.org/10.1080/
02640414.2013.781666 PMID: 23631663.
Physical activity intervention and academic performance in disadvantaged primary school children
PLOS ONE | https://doi.org/10.1371/journal.pone.0206908 November 8, 2018 17 / 18
52. Diamond A. Executive functions. Annual review of psychology. 2013; 64(1):135–68. Epub 2012/10/02.
https://doi.org/10.1146/annurev-psych-113011-143750 PMID: 23020641.
53. Hillman CH, Erickson KI, Kramer AF. Be smart, exercise your heart: exercise effects on brain and cogni-
tion. Nature reviews Neuroscience. 2008; 9(1):58–65. Epub 2007/12/21. https://doi.org/10.1038/
nrn2298 PMID: 18094706.
54. Audiffren M, Andre N. The strength model of self-control revisited: Linking acute and chronic effects of
exercise on executive functions. Journal of Sport and Health Science. 2015; 4(1):30–46. https://doi.org/
10.1016/j.jshs.2014.09.002
55. Spitzer US, Hollmann W. Experimental observation of the effects of physical exercise on attention,
academic and prosocial performance in school settings. Trends in neuroscience and education. 2013;
2(1):1–6. https://doi.org/10.1016/j.tine.2013.03.002.
56. Adsiz E, Dorak F, Ozsaker M, Vurgun N. The influence of physical activity on attention in Turkish chil-
dren. Healthmed. 2012; 6(4):1384–9.
57. Tine MT, Butler AG. Acute aerobic exercise impacts selective attention: an exceptional boost in lower-
income children. Educ Psychol-Uk. 2012; 32(7):821–34. https://doi.org/10.1080/01443410.2012.
723612
58. Fleisch B. Primary education in crisis: why South African schoolchildren underachieve in reading and
mathematics. Cape Town: Juta & Co.; 2008.
59. Spaull N. Poverty & privilege: primary school inequality in South Africa. Int J Educ Dev. 2013; 33(5):436–
47. https://doi.org/10.1016/j.ijedudev.2012.09.009
60. Voyer D, Voyer SD. Gender differences in scholastic achievement: a meta-analysis. Psychological bul-
letin. 2014; 140(4):1174–204. https://doi.org/10.1037/a0036620 PMID: 24773502.
61. Malouff JM, Thorsteinsson EB. Bias in grading: A meta-analysis of experimental research findings. Aus-
tralian Journal of Education. 2016; 60(3):245–56. https://doi.org/10.1177/0004944116664618
62. Salvini M, Gall S, Mu¨ller I, Walter C, du Randt R, Steinmann P, et al. Physical activity and health-related
quality of life among schoolchildren from disadvantaged neighbourhoods in Port Elizabeth, South
Africa. Qual Life Res. 2017:1–12. https://doi.org/10.1007/s11136-017-1707-1 PMID: 28965191.
63. Gerber M, Mu¨ller I, Walter C, du Randt R, Adams L, Gall S, et al. Physical activity and dual disease bur-
den among South African primary schoolchildren from disadvantaged neighbourhoods. Prev Med.
2018; 112:104–10. https://doi.org/10.1016/j.ypmed.2018.04.001 PMID: 29626554.
Physical activity intervention and academic performance in disadvantaged primary school children
PLOS ONE | https://doi.org/10.1371/journal.pone.0206908 November 8, 2018 18 / 18
